ABSTRACT: In order to better guide clinical diagnosis and treatment, this paper proposes medical image fusion method based on NSCT (nonsubsampled contourlet transform) and PCNN (pulse coupled neural network) with neighborhood stimulation. A fusion rule based on PCNN with neighborhood standard deviation stimulation is adopted in low frequency sub-band coefficient. Through the application of the PCNN simplified model, the PCNN model is stimulated by neighborhood standard deviation according to human visual system. The low frequency sub-band coefficient is determined by firing times. When choosing the bandpass directional sub-band coefficients, a fusion rule based on region gradient energy is adopted according to directional characteristics of NSCT. The experiment results show that the proposed method provides abundant details and edge information over conventional methods in achieving the better quality of fusion.
INTRODUCTION
With the development of computer technology, medical imaging is becoming an important part of clinical diagnosis, which has become one of the most active research areas in medical diagnosis [1] , and a large number of new medical imaging technologies enter into medical applications, such as US (ultrasound), CT (computed tomography), MRI (magnetic resonance imaging), etc. Different imaging modalities can provide different medical information for doctors. For example, CT images can clearly show structures of bone with better resolution, but it is not sensitive to organs of soft tissue. MRI can clearly display the soft tissue, but the resolution of bone tissue is not as good as CT. Because of different imaging principles, the effect is not ideal by using a certain kind of image. Using medical image fusion technology, the advantage of different imaging modalities can be integrated into a single image to get more useful information, which can provide more guidance and help for medical diagnosis and treatment [2] . Multi-scale geometric analysis has been widely used in medical image fusion. In 2006, Cunha proposed a method of multi-scale and multi-direction with shift-invariance, which is nonsubsampled contourlet transform (NSCT) [3] with multi-direction and anisotropy. In the process of decomposition and reconstruction, signals no longer continue the upsampling and downsampling operations, but decomposition and synthesis filters keep the upsampling operation, which show the shift-invariance. It can effectively solve the Gibbs phenomenon so as to avoid image distortion, and the NSCT has better effect in image fusion. Pulse coupled neural network (PCNN) is a new type of neural network with strong biological background [4] , which is based on the synchronous pulse phenomenon in the visual cortex of small mammals. PCNN has the characteristics of global coupling and pulse synchronization, which is applied in image fusion to get more detail information.
A medical image fusion method based on NSCT and PCNN with neighborhood stimulation is proposed. PCNN simplified model is applied in low frequency sub-band coefficient. Each neuron of PCNN is stimulated by neighborhood standard deviation, and the low frequency sub-band coefficient is determined by firing times. A fusion rule based on region gradient energy is adopted in bandpass directional sub-band coefficients.
NONSUBSAMPLED CONTOURLET TRANSFORM
Nonsubsampled contourlet transform (NSCT) consists of the nonsubsampled pyramid (NSP) and nonsubsampled directional filter bank (NSDFB) [5] , which are independent, as shown in Figure 1 . Firstly, the multi-scale decomposition is conducted by using NSP, and then different directions subbands coefficients are obtained by using NSDFB. As shown in Figure 1 , there are no upsampling and downsampling operations in the processing of decomposition and reconstruction in the NSCT, but upsampling operation is done on the corresponding decomposition filter and synthesis filter. The NSCT transformation has the characteristics of shift-invariant, which can effectively eliminate the Gibbs phenomenon. 
NSDFB is a filter bank of dual channel nonsubsampled. In order to achieve more elaborate directional decomposition, it is necessary for the NSDFB to carry out iteration, and the directional filters in the DFB are filtered by the quincunx matrix ܳ = ቂ
PCNN MODEL
The PCNN model is actually the simplification and approximation of the mathematical expression of the neuron in the form, through simulating visual nerve cell activity of cats and monkeys. The neurons characteristics of the linear summation and the nonlinear multiplication are used in PCNN, and the PCNN is the third generation neural networks which are connected with each other [6] . The PCNN consists of three parts: the receive domain, the modulation domain, and the pulse generation section. Each pixel corresponds to one neuron in the PCNN, so M×N image matrix corresponds to M×N neurons. Since a large number of parameters need to be selected, it is difficult to control. A simplified PCNN model is used in the paper, which is shown in Figure 2 .
In PCNN model, I ij is the pixel gray value of the image, which is called the input stimulus. U ij is internal activity state, and Y ij denotes the output of the neuron. In the expressions, there are two channels, one channel is feeding input F ij , and the other channel is linking input L ij . W ijkl is the synaptic gain strength, and αθ is the decay constant. V L and V θ are the amplitude gain.
PROPOSED FUSION METHOD
After images A and B are decomposed by NSCT, the low frequency sub-band coefficient is low frequency component, which includes the contour information of the image. The bandpass directional sub-band coefficients are high frequency components, which include the edge detail information of the image. Assuming that the registered source images are A and B, the fused image is F. The fusion method frame is shown in Figure 3 , and the fusion processing is as follows:
(1) By the multi-scale decomposition of NSCT, 
The fusion rule of the low frequency sub-band coefficient
Because of the particularity of medical image, the image contrast is low, so it is difficult to get the ideal fusion effect by using the fusion rule of weighted average. It is more important to choose better fusion rule. PCNN as a fusion rule can get more detail information, which is widely used in image fusion rules. In the traditional use of PCNN as a fusion rule, PCNN network is usually inspired by single pixel of the low frequency sub-band coefficient. However, it is not good to extract the information of transition region only by choosing firing times of single pixel as the standard of the coefficient selection. According to the characteristics of human visual system [7] , the human's eyes are not sensitive to the gray value of a single pixel, and the clarity of image is reflected by the local regional pixels, which is more reasonable than the single pixel value to use neighborhood feature information.
The standard deviation reflects discrete situation relative to the gray mean. In a certain extent, the standard deviation can be used to evaluate the image contrast. The larger the standard deviation is, the more discrete image gray level distribution is, and the image contrast is large. It is defined as follows: Where F(x,y) is the gray value of position (x,y), and the window size is usually 3×3. In order to effectively extract the information of transition region, it is not enough for a single pixel to inspire the PCNN in low frequency sub-band coefficient. A method based on neighborhood standard deviation inspiring the PCNN is proposed to improve the quality of medical image fusion in this paper.
The implementation is described as follows: (1 C x y , respectively. So, the fused coefficients can be selected as follow:
,
The fusion rule of the bandpass directional sub-band coefficients
Combined with directional characteristics of NSCT, the fusion rule of the region gradient energy is used in the paper, and the gradient energy reflects the marginalization degree of the image, which can reflect the contrast of the tiny details and the texture change of the image. So the gradient energy of the bandpass directional sub-band coefficients is used. The gradient at position (x,y) is defined as:
In the image, the gradient energy is defined as the center pixel (x,y) of the nearest neighborhood region: 
The window size is 3×3, so the fused coefficients can be selected as follow:
, 
EXPERIMENTAL RESULTS AND ANALYSIS
In order to verify the effectiveness of this method, the CT and MRI images of 256×256 for human brain are used for the fusion experiment. In the experiment, Figure 4 (a) denotes the original CT image. Figure 4 (b) denotes the original MRI image. Figure 4 (c) shows fused image based on principal components analysis (PCA) [8] . Figure 4(d) shows fused image based on NSCT [9] . Fusion rule in low frequency sub-band: the weighted averaging. Fusion rule in high frequency subbands: maximum choosing. Figure 4(e) is the fusion result obtained by the method of literature [10] . 
Experimental results showed that the parameters can get good fusion effect. In the method of Figure 4 (e) and (f), "9-7" filter is employed for NSCT multi-scale decomposition filter, and "pkva" filter is employed for the direction filter. The numbers of decomposition direction subband are 16, 8, and 4, respectively. From Figure 4 it can be seen that fusion results in Figure 4 (c) lost part of the bone tissue information of source images, while the soft tissue information obtained is better. Soft tissue information of fusion results in Figure 4 (d) is not very clear, and some details are lost. The edge and transition region information of Figure 4 (e) fusion results are weakened in a certain extent. Compared with above three fusion methods, fusion results of the proposed method is clearest, which better retains the edge and detail information of source images. In addition to the subjective evaluation of fusion image, the paper also uses information entropy (IE), mean gradient (MG), standard deviation (STD), and mutual information (MI) to evaluate the fusion algorithm performance [11] . IE reflects the information content of the fused image, the greater IE is, the better effect is. MG reflects contrast of the image details and texture characteristics, generally speaking, the greater MG is, clearer the image is. STD reflects the discrete relative to gray mean, and the greater STD is, the better fusion effect is. MI reflects correlation between the fused image and the source images, and the greater MI is, the better the fusion effect is, because more information can be obtained from the source images. Table 1 gives the quantitative results of Figure3. It can be concluded from Table 1 that MG, STD and MI of the proposed method outperforms the other three methods. The subjective and objective evaluation show that the proposed method better preserves the detail and edge information of source images, which obtains better fusion effect.
CONCLUSION
In recent years, the medical image fusion technology has been applied in clinical treatment and imaging diagnosis, and achieved gratifying results. The paper proposed medical image fusion method based on NSCT and PCNN with neighborhood stimulation, which effectively improves the quality of the fused image, and better preserves the detail and edge information of source images.
